Objective Obesity occurs when energy intake consistently exceeds energy expenditure. Nonexercise activity thermogenesis (NEAT) is an important component of daily energy expenditure. It represents common daily activities, such as fidgeting, walking, and standing. To investigate the relationship of nutrient intake and energy expenditure with obesity, we compared lifestyle habits in obese and non-obese Japanese adults by estimating their nutritional intake and energy expenditure values, focusing on the role of NEAT in obesity.
INTRODUCTION
Obesity occurs when energy intake consistently exceeds energy expenditure, which results from a complex combination of overeating, poor diet quality, lack of exercise, genetic predisposition, impaired autonomic nerve function and other factors. "Overeating" is often considered the most important cause of obesity. However, according to reports from the Ministry of Health, Labour and Welfare, energy intake values for Japanese adults have decreased since the peak of 2,279 kcal/day in 1972 1) yet obesity rates have not decreased 2) . This phenomenon is also observed in other industrialized countries such as the U.S. 3) and Britain 4) . "Decreased energy expenditure" is another important cause of obesity, but there is some controversy as to whether "lack of exercise" is the main contributor to "decreased energy expenditure." Total energy expenditure is composed of basal metabolic rate (BMR), postprandial thermogenesis (also known as thermic effect of food, TEF), and physical activity thermogenesis 5) . Physical activity thermogenesis (also known as activity-induced thermogenesis, AIT) can be subdivided into volitional exercise (sports and fitness-related activities) thermogenesis and what Levine et al. characterize as nonexercise activity thermogenesis (NEAT) 5) . NEAT includes physical activities other than volitional exercise, such as the activities of daily living, fidgeting, spontaneous muscle contraction, and maintaining posture when not recumbent. Hamilton et al. reported that volitional exercise energy expenditure is only a small slice of the pie for total energy expenditure ( Fig. 1) , and exercise of relatively shorter duration and greater intensity may not be able to substitute for a NEAT deficiency since nonexercise activity takes place over a far greater time span every day and continually interrupts sedentary time 6) .
Relative energy excess resulting from decreased energy expenditure, for example, automation of household chores and increased screen time (TV, smartphones, etc.), may surpass decreased energy intake and contribute to obesity as a global trend. Here, in the present study, we compared lifestyle habits in obese and nonobese Japanese adults by estimating their nutritional intake and
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SUBJECTS AND METHODS

Subjects
Of the 81 subjects who underwent anti-aging health checkups at Tokai University Tokyo Hospital from April to September 2015, 49 men aged between 38 and 84 years were sequentially enrolled in the present cross-sectional study. All subjects gave written informed consent to the use of their health records for analysis. This study was approved by the Ethics Committee of Tokai University (No. 11R-125) and was conducted in accordance with the Declaration of Helsinki.
Measurements
Anthropometric measurements were performed, and blood samples were obtained after overnight fasting. All measurements were included in the anti-aging health check examinations 7) .
Height and weight were measured in the standing position, and body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ). Waist circumference was assessed at the end of expiration by measuring the minimum circumference at the level of the umbilicus. Body fat mass, fat-free mass and percentage of body fat (% body fat) were evaluated using whole-body dual-energy X-ray absorptiometry (Prodigy; GE Healthcare, Tokyo, Japan). Blood pressure was measured in the sitting position. Serum level of high-molecular-weight adiponectin was measured by latex particle-enhanced turbidimetric immunoassay 8) .
Evaluation of dietary nutrient intake and energy expenditure
A food frequency questionnaire (FFQg; Kenpakusha, Tokyo, Japan) validated by Takahashi et al. [9] [10] [11] was used to calculate nutrient intake. The FFQg used in the present study included questions on the consumption of various food items over the previous one or two months. Daily nutrient intake was calculated by multiplying the consumption frequency of each food by the nutrient content of the portion size and summing the products for all food items. Daily energy expenditure, resting energy expenditure and exercise energy expenditure were also estimated using the FFQg. Energy expenditure values were estimated by reporting the number of hours of the following behaviors in a day (sleeping, resting, sedentary activity, light physical activity, moderate physical activity, vigorous physical activity and physical exercise) (Fig. 2) . Based on the self-reported data, the energy expenditure values were calculated according to the instructions accompanying the FFQg.
Statistical analysis
Data is expressed as mean ± standard deviation (SD). SPSS Statistics (Version 22.0; SPSS Inc.) was used for the statistical analyses. Statistical significance of comparisons between the nonobesity (BMI < 25 kg/m 2 ) group and the obesity (BMI ≥ 25 kg/m 2 ) group was determined by Student's t-test. All p-values were two-tailed, and p < 0.05 was considered significant.
RESULTS
The study subjects consisted of 38 non-obese and 11 obese men. The mean age was 62.6 ± 12.3 for the non-obesity group and 67.8 ± 10.7 for the obesity group, which was not statistically significantly different ( Table 1) . The average body weight, BMI and waist circumference values were significantly higher in the obesity group than in the non-obesity group ( Table 1) . Body composition analysis showed that not only body fat mass, but also fat-free mass was significantly higher in the obesity group than in the non-obesity group ( Table 1) . The average % body fat was 24.7 ± 6.5% for the non-obesity group and 31.9 ± 4.8% for the obesity group.
Clinical parameters associated with life-style related diseases are shown in Table 2 . The mean systolic blood pressure, LDL-C, HDL-C, triglycerides, fasting glucose, HbA1c and adiponectin values were within the normal ranges in both groups. The average values of fasting glucose and HbA1c were significantly higher and those of HDL-C and adiponectin were significantly lower in the obesity group ( Table 2) .
Dietary intake of nutrients was estimated, and it was found that the intake of calories, carbohydrates, protein, fat, saturated fat, fiber and salt was comparable with that of the National Health and Nutrition Survey 2) in both groups ( Table 3) . Although nutrient intake values seemed to be higher in the obesity group than in the non-obesity group, there was no significant difference except for salt intake. Next, energy expenditure values were evaluated. There was no significant difference in total daily energy expenditure, resting energy expenditure and exercise energy expenditure between the non-obesity and obesity groups ( Table 4) . Then, we subdivided physical activities excluding exercise into the following six categories: sleeping, resting, sedentary activity, light physical activity, moderate physical activity and vigorous physical activity. It was found that the number of hours of light physical activity and moderate physical activity, corresponding to NEAT, was significantly less in the obesity group than in the non-obesity group ( Table 5) .
DISCUSSION
In the present study, to investigate the relationship of nutrient intake and energy expenditure with obesity, lifestyle habits were compared in obese and non-obese Japanese men. We did not find that obese subjects showed neither excessive energy intake nor decreased physical exercise. Rather, physical activities other than volitional exercise (NEAT) were found to be decreased in obese subjects.
NEAT is a part of AIT but is distinguished from volitional exercise. NEAT includes the energy expenditure of occupationrelated activities, leisure, standing, walking, talking, toe-tapping, guitar playing, dancing and shopping, and is therefore the most variable component of energy expenditure, both within and between subjects, ranging from ~15% of the total daily energy expenditure in generally sedentary individuals to 50% or more of the total daily energy expenditure in highly active individuals 12) . Physical exercise is generally considered volitional activity done during leisure time. From the point of view of promoting health, physical exercise has been recommended for the prevention of obesity and lifestyle-related diseases. However, the energy expenditure of volitional exercise is much less than expected. When an average Japanese person does 30 minutes a day of brisk walking five times a week, only 70 -80 kcal is expended in a day. Except for athletes whose exercise habits are high-intensity, high-frequency workouts, volitional exercise itself accounts for a small percentage of the total energy expenditure.
NEAT is also distinguished from resting and sedentary activity, such as lying down and sitting. In our study, light physical activity and moderate physical activity are comparable to NEAT, and we have clearly shown that NEAT was significantly lower in the obesity group than in the non-obesity group. Sleeping was almost the same duration between the two groups, and resting and sedentary activity were shorter, though not significantly, in the nonobesity group than in the obesity group. According to a report that investigated individual variations on posture allocation 13) , obese subjects were seated for 164 minutes longer per day compared to non-obese subjects. On the other hand, non-obese subjects were upright for 152 min longer per day compared to obese subjects. Sleep duration was almost identical between the groups. More interestingly, posture allocation did not change when obese subjects lost weight or when non-obese subjects gained weight 13) .
The energy cost of sitting and that of standing/ambulating were reported to increase 4% and 13%, respectively, compared with that of resting in the supine position 14) . Thus, if the obese subjects had the same posture allocation as the non-obese subjects, they would have expended an additional 352 kcal per day 13) . Occupation is also a key determinant of NEAT. In the U.S., daily occupation-related energy expenditure has decreased over the last 50 years 15) . If an average person were to start working in agriculture, their NEAT could theoretically increase by 1,500 kcal/day 16) . As
Levine pointed out, NEAT varies by as much as 2,000 kcal/ day 13, 17) . Taken together, NEAT-enhanced behavior requires greater emphasis for the prevention and reduction of obesity. Our analysis has weaknesses that deserve mention. First, we evaluated energy expenditure by using a questionnaire, which is considered less effective than a criterion measured by the doubly labeled water method 18) . It could be argued that the use of triaxial accelerometers may be more favorable for the measurement of physical activity. Nonetheless, accelerometers cannot completely discriminate walking from other activities such as household chores. The role of NEAT has been underestimated in previous physiological and epidemiological research studies, and there are not yet any established methods for conveniently evaluating NEAT. Second, the sample size in our study was not large enough for conclusions regarding marginally insignificant p-values. Third, our subjects, who underwent anti-aging health checks at Tokai University Tokyo Hospital, are considered to be more affluent and health-conscious than ordinary people, and therefore the results of this study may not be applicable to the general population. However, the present study is meaningful in promoting awareness of the importance of NEAT for prevention and reduction of obesity.
In conclusion, the present study showed that obesity in Japanese men was associated with decreased NEAT rather than excessive energy intake and/or decreased physical exercise. Approaches to enhance NEAT, for example, changes in posture and movement, could have a substantial impact on the prevention and reduction of obesity.
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